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FOREWARD

This report is the result of one of the many projects
managed and cost shared by Avondal e Shipyards, 1Inc. under the
auspices of the National Shipbuilding Research Program The
program was a cooperative effort wth the Transportation
Department, Maritime Adnministration O fice of Advanced Ship
Devel opnent .

On behal f of Avondale Shipyards, Inc., M. John Peart was
t he Program Manager responsible for technical direction and
publication of the final report. Program definition and gui dance
were provided by the nenbers of the Society of Naval Architects
and Marine Engineers Ship Production Commttee panel 023-1
Surface Preparation and Coatings.

The experinental work described in the report took place at
the Ccean City Research Corporation Laboratory in Ccean CGty, New
Jersey under the direction of M. E. C Flounders, Lead Engi neer.

The principal objectives of the program were to catal og
sources of mneral slag abrasives for US. shiyards and to
develop a tentative material specification for mneral slag
abrasi ves. These objectives are in concert with one of the main
obj ectives of the National Shipbuilding Research Program which is
to reduce shipbuilding costs in U S. shipyards through inporved
st andar di zat i on.



EXECUTI VE SUMVARY

Because of potential silicosis problens, the U S. shipbuild-
ing industry has |argely abandoned the use of open-air sand
bl asti ng. e predom nant abrasives now being used for open-air
blasting are mneral slags having a low free silica content.
Concerns about their continued availability as well as batch-to-
batch variations in quality pronpted the subject program
Avondal e Shi pyards aut horized the Ocean Cty Research Corporation
to: (1) catalog sources of mneral slag abrasives for U S
shi pyards and %2) develop a tentative material specification for
m neral slag abrasives consistent with the requirenments of U S.
shi pyards.

The two tasks have been conpleted and are presented as
appendices to this report. Appendi x A lists 15 suppliers of
m neral abrasi ves. Detailed are the type of abrasive supplied,
abrasive grades, and cost. Appendi X B presents a tentative
material specification for mneral slag abrasives. The follow ng
report summarizes the nethodol ogy and rationale behind the
devel opnent of the specification
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SECTION 1
Introduction



| NTRODUCTI ON

In shiﬁyards, abrasive blasting has traditionally been the
favored nethod for preparing a structural steel surface prior to
application of a protective coating. Abrasive bl asting renoves
mll scale, rust, paint, and other surface soils providing a
clean surface to which the coating can adhere. Abrasive blastin
al so devel ops an “anchor pattern” to inprove the nechanical bon
bet ween coating and steel substrate. Until several years ago,
the principal abrasive used in shipyards was sand. However, wth
the disclosure that free silica in the air fromthe blasting
operation creates a severe health hazard (silicosis) , the use of
sand as an abrasive material in shipyards has |argely been
di sconti nued. To a great extent, mneral abrasives with a | ow
free_s“lica content have replaced sand as the favored abrasive
materi a

There are several different types of mneral abrasive that
can be used by shipyards for abrasive blasting. Sone ni ner al
abrasi ves are obtained fromnaturally occurring sources Je"
staurolite sands) while others are slags produced as by-pro uc?s
of refining or snelting operations. The mineral slags derived
fromthe fritted ash of coal used in electric power generation
and from copper and nickel smelting processes are wdely used in
shipyards as abrasive naterials.

Considering the varied sources fromwhich the mneral slag
abrasives are derived, the shipbuilding industry is concerned
about possible variations in performance as well as availability.
Some shi pyards have reported long lead times in obtaining mnera
slag abrasives. Cogni zant  techni cal personnel are concerned
about the suitability of different sla% material s as abrasives
because of possible contam nation with chlorides or other contam
inants that m ght adversely affect paint adhesion. Because of
these concerns, a programwas initiated to catal og sources of
mneral slag abrasives and develop a material specification
suitable for use by shipyards. The follow ng presents the
results of the program
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TECHNI CAL  APPROACH
Catal og O Abrasive Suppliers

~ The following sources of information were consulted in order
to identify current suppliers of mneral abrasives:

0 Thomas Regi ster of American Manufacturers

0 Selﬁgted shi pyards and shi pbuilding consultants (30
tota

0 The Maritime Adm nistration

0 The California Air Resources Board

0 Various abrasive suppliers

Based on the information gathered, fifteen abrasive suppli-
ers were identified. Subsequent |y, each supplier was personally
contacted by tel ephone in order to |ocate cognizant personne
willing to conplete a questionnaire concerning the supplier’s
abrﬁslve products. A questionnaire was then mailed to each
supplier.

The main intent of the questionnaire was to determ ne the
types and grades of abrasive sugplied, and the cost of these
abrasives. Only those abrasives having a free silica content of
less than 1.0% were of interest.

O the fifteen abrasive suppliers contacted, ten responded
inwiting. The other five provided information over the phone.
After all of the questionnaires were conpleted, the data were
reduced into catalog form Finally, each supplier was called once
a&gﬁn in order to verify the data in the catalog (as of Apri
1 :

Mat eri al Specification

This task Was acconplished by subjecting abrasive sanples to
a series of standardized tests and critically evaluating the data
in order to develop a rational basis for characterizing and
qualifying mneral slag abrasives for use by shipyards. The
abrasive sanples included in the test program were chosen to be
representative of those currently used by the shipyards. The
abrasives included coal slags, copper slags, nickel slags, and a
50/50 m xture of a coal and copper sl ag. The | aboratory tests
i ncluded chem cal and physical tests (e.g. chloride content or
particle hardness) as well as blasting performance tests (e.g.
cutting rate) . Selection of the different tests was based on a
review of ML-S-22262 (SH PS) , the mlitary specification for
sandbl asting, and other pertinent literature ( 1), (2). (3). (4).
The nmet hodol ogy associated with the different tests—is described
as part of the tentative material specification.




Based upon the literature review, the chem cal and physi cal
characteristics of the abrasives considered to be the nost
important were:

pH
Chloride Content
Electrical Resistivity

P ~em e

Moisture Content
Free Flow
Hardness

Grain Shape
Specific Gravity

Qiosve Analveig
St he e VN n&‘“-‘-.z S vhe Sl

O000000O00O0

The importance of each of these characteristics is discussed
below:

PH, Chloride Content, Electrical Resi'stivity. Each of t'hese
characteristics can be used as a basis for assessing to what
extent an abrasive is contamnated with soluble salts that m ght
adversely affect a freshly blasted steel surface. A | oW PH
abrasive woul d suggest the presence of acid salts, which if left
as a residual on a blasted surface, could cause premature rusting
of the steel surface prior to painting and adversely affect paint
adhesion. The presence of chlorides could cause simlar effects.
An abrasive exhibiting a | ow electrical rESIStIVItK (as neasured
in a deionized water slurry) would al so suggest the presence of
soluble salts which again mght tend to initiate premature
surface corrosion or cause subsequent blistering of the paint
film

Moi sture Content, Free Flow. It is necessary to determne the
nol sture content of the abrasive material so that when buying

abrasive DY 4LON o 07 SR LAY L BRaTRIRd Fo MRstPLOTn 0P

thoroughly wetted, the abrasive can be conpletely dried and wl|
not forminto clunps.

Hardness, Grain Shape, Specific Gravity. A hardness test is
necessarv to elimnate abrasives wth appreciable anpbunts of soft
materials. The grain shape requirement attenpts to limt the use
of rounded particles as a blast material because the anchor
pattern formed by their use is not as desirable as that forned
using sharper particles. The specific gravity of the abrasive is
critical in that it effects the kinetic energy of a particle as
it inpacts upon the surface. The greater the specific gravity,
the greater the kinetic energy of a particle for a Piven vel oci -
ty. Thus, nore energy is available for netal renova

Si eve Anal ysis. The sieve analysis is an inportant factor
because different particle size distributions are wused for

various blasting objectives.




_ The blasting characteristics considered to be the nost
important were as follows:

Cutting Rate

Breakdown Rating

Dust Production

Surface Profile of Blasted Surface

[eNeoNeoNe

Cutting Rate. The cutting rate or nmetal renoval rate is critica
because 1t determ nes the amount of productive blasting that can
be acconplished with a particul ar abrasive for the given test
condi tions. Thus, all other factors being equal, the abrasive
with the highest cutting rate will be the npbst econon cal

Breakdown Rating. The breakdown rating indicates the extent to
which the rndividual abrasive particles fracture. Energy expend-
ed during particle breakdown represents |ost energy é%at coul d
have been used for renoving netal. This is also of interest
because it determ nes the(fercentage of abrasive that can be
recycled as well as providing an indirect measurenment of the
dust produced during blasting.

Dust Producti on. Dust generation nust be limted in order to
meet safety requirenents as well as nmeet mninum visibility
requi renents. Also, the nore dust present in the air, the
greater the |ikelihood of fine abrasive particles settling on and
contam nating the freshly blasted surfaces.

Surface Profile O Blasted Surface. Different abrasives yield
ditrerent surrace proriles. — Because the surface profile has a
significant effect on the adhesion of a coating, it is desirable
to qualify abrasives based on the surface profile which they tend
to produce.
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RESULTS
Catal og of Abrasive Suppliers

Appendi x A presents a catalog of mneral slag abrasive
suppliers conpiled as a result of the abrasive supplier survey.
The catalog lists the supplier’s address, type and grades  of
abrasive, and cost (as of April, 1983) . Li sting of an abrasive
supplier does not constitute an endorsenent on the part of the
Maritime Adm nistration, Avondal e Shipyards, or the Ccean Cty
Research Corporation. The suppliers are listed only to identify
possi bl e sources of supply.

The catalog also lists the suppliers al phabetically by state
and shows their location on a U.S. map. Supplier location is an
I nportant consideration because transportation costs can greatly
i nfluence the delivered price of an abrasive. The prices |isted
in the catalog are F.O. B. plant (depending on grade, nethod of
packagi ng, and quantity) . A cost analysis using these prices
shoul d al so consider transportation costs.

The overall quality of an abrasive is also a contributing
factor in a cost analysis of blasting. An abrasive can have a
high initial cost and yet be |ow dusting, high in nmetal renoval
and produce a clean, well prepared surface. This benefit m ght
overcome the initial price of an abrasive.

The abrasive suppliers that were contacted all indicated
that they are able to supply enough abrasives to neet the genera
demand. Probl ems can arise when insufficient lead tine is given
on an order. In the past, rail delays have affected the
availability of abrasives. Local shortages have devel oped for
shi pyards that use coal slag since they nust conpete wth the
roofing industry which uses coal slag in the production of
roofing shingles.

Tentative Material Specification

Appendi x B presents the initial draft of a specification for

m neral slag abrasives. The specification was prepared using
M L-S-22262 as a guideline. The quality assurance requirenents
witten into the specification represent: (1) the requirenments

of ML-S 22262 that appear suitable for mneral slag abrasives
based on an analysis of the results of the |aboratory tests
conducted in the subject program and (2) additional requirenents
not covered by ML-S 22262 that appear worthwhile based al so on
an assessment of the laboratory test results. Tables I, I, III,
and |1V summarize the results of the |aboratory tests.

Statistical analysis was wused to establish qualifying
criteria when there was no precedent in ML-S-22262 or in an
related literature. The statistical approach consisted o
extreme value probability analysis. Extreme value probability
anal ysis determnes the probability of a paranmeter exceeding an



TABLE 1 - Summary OF Chem cal And Physical Test Results

_ Chl ori de Content Solution Restivity Moi sture Cont ent

Abr asi ve Sanpl e PH ppm OChmcm %

1. Copper Slag 7.24 42.5 5100 0.0
4800

2. Coal Slag 7.84 16.5 42000 0.0
45000

3. Copper Sl ag 9.14 15.5 64000 0.0
61000

4. Coal Slag 7.68 0.5 26200 0.0
26200

5. Copper Sl ag 8. 94 0.5 14200 0.0
12800

6. Coal Slag 8.12 0.5 28000 0.0
27000

7. 50-50% Coal & Copper Sl ag 7.65 258 %888 0.0

' 9.47 3.5 28200 0.1
8. Nickel Slag 57000

9. Coal Slag 6. 07 9.5 9800 0.2

* Not duplicated
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Abr asi ve Sanpl e

Copper Sl ag

Coal Sl ag

Copper Sl ag

Coal Sl ag

Copper Sl ag

Coal Sl ag

50-50% Coal & Copper Sl ag
Ni ckel Sl ag

Coal Sl ag

TABLE |
Free Fl ow

No visible

clumping

Cont i nued

Har dness

Mo ' S G al n Shape
26 Angul ar to

rounded

26 Angul ar

26 Angul ar

26 Angul ar

26 Angul ar

26 Angul ar

26 Angul ar
26 Angul ar to

rounded

26 Angul ar

Specific

Gavity

W LN
O ©® o o ~N 0 o



TABLE II - Summary of Sieve Analysis

% Retained
) ) . ~ #10  #20 - #30 ~ #40 #50 #60 #70 #100
Abrasive Sample Sieve Sieve Sieve Sieve Sieve Sieve Sieve Sieve Pan
Copper Slag 16 60 13 7 2 <1 <1 <1 1
Coal Slag 0 73 21 5 1 0 0 0 0
Copper Slag 2 45 24 17 9 2 <1 <1 0
Coal Slag 2 74 18 5 1 0 0 0 0
». Copper Slag 20 33 29 15 2 <1 <1 0 0
Coal Slag 29 60 8 2 1 0 0 0 0
50-50% Coal & Copper Slag 15 73 9 2 1 0 0 0 0
Nickel Slag 2 97 1 1 0 0 0 0 0
Coal Slag 13 69 12 5 1 0 0 0 0



TABLE TII - Suwmary of Blasting Test Results

Abrasive Sample Total Spent Total Dust Weight Percent of Plate Weight Cutting Rate Breakdown
Abrasive Generated Dust Generated Ioss (gms) g of metal removed Rating
(gms) (gms) kg of abrasive

1. Copper Slag 1778.0 162.5 9.1 5.1 2.9 0.47
1424.0 101.5 7.1 3.8 2.7 0.40
2. Coal Slag 1223.5 125.0 10.2 3.4 2.8 0.34
1085.5 98.0 9.2 2.8 2.6 0.35
3. Copper Slag 1023.0 124.5 12.2 1.9 1.9 0.39
1144.5 113.5 9.9 4.1 3.6 0.39
4. Coal Slag 1409.5 118.5 8.4 2.9 2.1 0.35
1141.0 92,5 8.1 2,6 2.3 0.37
5. Copper Slag 11698.5 152.0 9.0 4.5 3.0 0.45
1161.5 132.5 8.0 4.2 2.5 0.43
6. Coal Slag 1111.0 88.5 8.0 2.0 1.8 0.29
1196.5 110.0 9.2 2,2 1.8 0.29
0.37

7. 50-50 Coal & Copper 1717.5 101.0 5.9 3.6 2.1 .
Slag 1681.0 111.5 6.6 3.6 2.1 0.37
0.47

8. Nickel Sla 1691.5 54.0 3.2 1.8 1.1 .
7 1379.5 54.0 3.9 1.5 1.1 0.51



*

TABLE IV - Summary of Resulting Surface Profile On Steel

Test Plates (90° Angle of Blast)*

Surface Profile (mils)

Abrasive Sample Elcometer Press-O-Film Surfanalyzer
Copper Slag 3.5 3.6 3.8
Coal Slag 3.7 3.4 3.5
Copper Slag 3.3 3.2 4.0
Coal Slag 3.6 3.2 2.0
Copper Slag 3.3 2.7 2.8
Coal Slag 3.5 3.6 4.1
50-50% Coal & Copper Slag 3.7 3.7 3.8
Nickel Slag 3.7 3f7 3.0

3.3 -

Coal Slag -

Surface profiles were measured using three methods: (1) Elcometer gauge,

(2) Press-0O-Film, and (3) a Surfanalyzer.



extreme |ow or extrene high val ue. The i ndicated extreme val ues
are considered to represent the extreme characteristics of the

general popul ation. Wil e extreme val ue analysis has proven
Itself valid in nmany studies, its validity in this program was
limted by the smal| data base generated. ~However, the tendenc
of the data to fit an extrene value trend rather than a norma
di stribution suggested an extrene val ue anal ysis was nore appro-
priate. The collection of nore data wll be necessary to confirm
and refine the qualifying criteria.

Where a qualification criterion was established based on
statistical analysis of the test results, the limting value was
arbitrarily selected as that value equivalent to a 95% cunul ative
probability. In other words, only 5% of the population (as
sanpl ed) should exhibit values outside the limting value

In general, the criteria associated with the quality assur-
ance provisions derived from ML-S-22262 are not based on a
statistical interpretation of the data but are based on precedent
(the ML-S-22262 specification, itself). | ncl uded are such
argneters as percent noisture, free flow, grain shape, and
ardness.

The specification as drafted applies only to “utility grade”
mneral slag abrasives since this was the only grade of abrasive
fully represented in the |aboratory tests. The qualifying
criteria established for the quality assurance paraneters and the
rational e behind the specified criteria are as follows:

PH  The pH of a mneral slag abrasive slurry mxture is not to
have a pH less than 6. 2. It is desirable to elimnate the
possibility of steel exposure to acid noisture since the
corrosivity of acid noisture is greater than al kaline noisture.
Therefore, a logical limt to the pHof a slurry mxture wuld be
7.0. However, the qualifying test procedure requires the use of
ASTM D 1193-77, Type IIIl reagent water which has a lower pH Ilimt
of 6.20. As aresult, it would not be apPrOEriate to assign a
low limt of 7.0. It was reasoned that It the abrasive |owers
the reagent water below its 6.2 |limt then it is acidic and
possi bl y unsuitable for use.

Chl ori de Content. The chloride content is specified not to
exceed 300 ppm  The chloride content of 8. of the 9 abrasives
tested was significantly below this val ue. Wiile the data

suggests the chloride limt mght be reduced w thout elimnating
a mpjority of abrasives, there is no conmpelling evidence that a
100 ppmor 50 ppmlimt would be nore beneficial than a 300 ppm
limt. Therefore, it was decided to retain the limt specified
in ML-S 22262.

El ectrical Resistivity. The tentative specification requires the
electrical resistivity of the abrasive to be higher than 2, Q0
ohm cm This value was arrived at by considering the extrene

11



corrosivity of 20 ohmcm seawater on bare steel. At least a two
order of magnitude difference between the resistivity of an
abrasive slurry and the resistivity of seawater seens appropri-
ate.

Mbi sture Content, Hardness, Free Flow, Gain Shape. For these
partrcular characterrstics, there drd nof appear to be any
conmpel ling reason to change the requirenments of ML-S 22262. The
test results suggest that nost utility grade m neral slag abra-
sives wll neet the requirenents as derived from M L-S-22262.

Specific Gavity. The tentative specification requires the
specific gravity of the abrasive not to be less than 2.20. This
val ue was established based on an extrene value probability
anal ysis of the test data. | Figure 1 shows an extreme val ue pl ot
of the data along with the 2f3—controt lines. The plot suggests
that there is only a 5% probability that a sanple of mneral slag
abrasive obtained from batches simlar to those represented in
the test program will exhibit a specific gravity less than 2.20.
This criterion also agrees wth the criterion specified by
ML-S-22262 for Cass 3 abrasives.

Si eve Anal ysi s. The criteria proposed for the initial sieve
analysis reflect the range of particle sizes encountered during
the | aboratory sieve analysis of all of the abrasives tested.
The requirements are not extrenely stringent, thus individua
SP pliers can tailor their product as they feel wll be nost
effective.

Cutting Rate. The tentative specification requires the cuttin
rate of the abrasive not to be |ess 8 gram of neta
removed per kilogram of abrasive. [Figure 2 khows the extrene
val ue probability plot which provided a basis for this value. It
is inportant to note that the cutting rate requirenent is valid
only as a conparison under the specific test conditions of this

program and is not necessarily representative of the cutting rate
that woul d be observed under actual blast conditions.

Br eakdown Ratinq, Dust Producti on. The mninmum acceptable

breakdown rating according to the tentative specification is
0. 25. The wei ght percent dust generated is not to exceed 13.5%
u

|Figures 3 jand show t he extrene val ue probability plots which
sSugges ese val ues.

Surface Profile. The tentative specification requires a result-
Ing surface profile of 2-4 roils, peak-to-valley. These val ues
are consistent with the requirenments of nost hull paints.
Press-OFilnt is specified as the nmeans of neasuring the surface
profile because of its ease of use and its w de acceptability
within the industry. The | aboratory test results (Table II1)

?%%aiable from Testex Inc., P.Q Box 867, Newark, Delaware,

12



SPECIFIC GRAVITY

10

.01

Figure 1.

Extreme Value Probability Plot Of Specific Gravity Data

~—a—

R S Py .

4?\4&
NN
tf\K \\::4‘\5 ———
N T
L ) 3 e
\* \4?:]>\\4y“~‘7b

- s o

o o @ o

1

10 20 30 40 50 60 70 80

J

——

97 o8

89.5 09.790.8

PERCENT PROBABILITY

" 00.9

09, 95




L 3 (3]

gms metal/kgms abrasive

N.

CUTTING RATE

Figure 2. Extreme Value Probability Plot Of Cutting Rate Data

01 .1 1 10 20 30 40 50 60 70 80 90 g5 07 @8 09 09.5 99.790.8

PERCENT PROBABILITY

90.9

4. 85

00. 80



BREAKDOWN RATING
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Figure 3.

Extreme Value Probability Plot of Breakdown Rating Data
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PERCENT DUST PRODUCTION
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Extreme Value Probability Plot Of Dust Production Data
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suggest that the Press-O Filmtechnique produces results simlar
to those obtained using other surface profile nmeasuring tech-

ni ques.

Addi ti onal Test Data

_ In addition to the |aboratory test data obtained on various
mneral slag type abrasives, it was also of interest to obtain
data on a natural stauralite abrasive. [Appendix C $unmarizes the

results.
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SUMMARY AND RECOMMENDATIONS FOR FUTURE WORK

The subject program produced a catalog of mneral abrasive
suppliers and a tentative material specification. The catal og
provi des a convenient |ist of suppliers for the shipyards. The
material specification represents the initial step toward stan-

dardi zation of mneral slag abrasives, currently in use by the
shi pyards.

_ Based on the results of this program the following work is
hi ghly encour aged:

1. The catal og of abrasive suppliers should be periodical -
l'y revised and updat ed.

2. Because little work has been conducted concerning the
critical concentration |levels of chloride present in
abrasives that may be detrinmental to surface prepara-
tion, preprinting corrosion, and paint performance, it
woul d appear worthwhile to conduct sonme sort of stan-
dardi zed test with abrasives of different chloride
| evel s. For exanple, an abrasive could be either
treated with chlorides or |eached of excess chlorides
and then used to blast steel plates. Sonme of the
plates could be painted and sone left freshly bl asted.
These plates could then be sub{ected to exposure in a
seacoast environnment conparable to a shipyard al ong
with appropriate controls. This t%pe of testing could
yield valuable data from whic trul meani ngf ul
requi rements could be established. This type of
paranetric testing could be carried out not only for
chlorides but also for pH, electrical resistivity, and
specific gravity.
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APPENDIX A
Catalog of Abrasive Suppliers



PREFACE

The follow ng catal og presents a conprehensive listing of
m neral abrasive manufacturers and prine suppliers. It does not
i nclude local distributors who purchase from prinme suppliers.
The information is current as of April, 1983.

The information was conpiled under the auspices of Avondal e
Shi pyards for the Maritinme Adm nistration. The catal og was
prepared as an aid for shipyards. In the past, the availability
of different mneral abrasives has been known to vary.
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M NERAL ABRASI VE SUPPLI ERS

Anchor Abrasi ves Corporation
324 Hanburg Turnpi ke
Wayne, NJ 07470

201- 835- 6502

Abr asive Type: Copper Sl ag

Brand Nane: Mono- Kl een M neral Git
Pl ant Locati on: Carteret, NJ

Abrasive Gades: 10-40 Medium

cost :  $30/ton bulk and $38/ton bag F. O B. Pl ant

Apache Abrasives, Inc.
10690 Shadow Wod Drive
Suite 112

Houston, TX 77043

713-468- 5647

Abr asive Type: Copper Sl ag
Brand Nane: ache- Bl ast
Pl ant Location: El Paso, TX
Copperhill, TN
Abrasi ve G ades: 6- 20
8- 20
10-50
16- 50

cost: $24/ton F. QO B. Pl ant

R A Barnes, Inc.
4510 Loma Vista Ave.
Ver non, CA 90058

215-583- 8066

Abr asive Type: Copper Sl ag

Brand Nane: Tuf Cut

Pl ant Locati on: Vernon, CA

Abrasive Gades: Tuf Cut 16
Tuf Cut 36

cost :  $85/ton balg and
$70/ton bulk F.OQ B. Plant
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Copper Mountai n Abrasive Co.
P. O BOX 2509
Monterey, CA 93942

800- 824- 3996 or
800- 824- 4995

Abr asive Type: Copper Sl ag
Brand Nane: Coner Bl ast
Pl ant Locati on: Salt Lake City, UT

Abrasive Gades: 6X12 Navy Coarse Bl end
10x16 Coarse

16X25 Medi um
25X60 Fi ne
cost: | nformati on not avail abl e
D amond Git, Inc.
631 S. Central Ave.
Mel rose, MN 56352
612-256- 3331
Abr asive Type: Coal Sl ag
Brand Nane: D anond Git

Pl ant Locati on: Melrose, MN - bulk & bag
Woodbury, MN - bulk only
Abr asi ve Grades: 12-50 Coarse
20-40 Medi um Fi ne

cost: $45-64/ton F.O B. Mlrose, M
$26-44/ton F.Q B. Wodbury, M _
dependi ng on grade, packaging and quantity

E. |I. DuPont de Nenours & Co., Inc.
Chem cals & Pigments Dept.
W | mngton, DL 19898

302-774-9524 or
800- 441- 9442

Abrasive Type: Natural Stauralite M neral
Brand Nane: St ar bl ast
Pl ant Locati on: Starke, FL

Abrasive Gades: 50-140
cost: $42/ton bulk and $54/ton bag F. O B. Pl ant



G bbco, Inc.
P. O Box 255
West High St.
Lawr enceburg, IN 47025

812-537- 2405

Abr asive Type: Coal Slag
Brand Name: G bbco #11 Slag
Pl ant Locati on: Lawr enceburg, IN

Abrasive Gades: 10-30 Medium
cost: $30/ton bulk & $45/ton bag F. O B. Pl ant

| ndustrial Mneral Products,Inc.
P.O. Box 95
Ravensdal e, WA 98051

206-432- 1286

Abr asi ve Type: Copper Sl a? _ _
Brand Nane: Abrasive Blasting Git
Pl ant Location: Tacoma, WA

Abrasive G ades: 6x40  Uility
8x40 Medi um
12x50 Fi ne
20x50 Extra Fine

cost:  $45-65/ton depending on grade, packaging and
quantity F. O B. Plant.

| nternational Mneral & Chem cal Corporation
Imcore Division

421 E. Haw ey Street

Mundel ein, 1L 60060

312- 566- 2600

Abrasive Type: Natural divine M neral
Brand Name: G een Lightning
Pl ant Locati on: Burnsville, NC
Abrasive G ades: GL40 Medi um Coar se
G50 Medi um
G770 Fine
GL90

cost: $50-50/ton bul k depending on grade and quantity
F.OB. Plant.
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10. Kleen Blast Division

of Leisure Investnment Co.

30100 M ssion Bl vd.
Hayward, CA 94544

415-471- 2100

Abrasive Type:
Brand Nane:

Pl ant Locati on:
Abr asi ve G ades:

Copper Sl a
Kl ggn Bl as?
Spokane, WA
8-12

16

16- 30

35

cost: $29/ton F. QO B. Pl ant

11. Lone Star Mnerals, Inc.

8149 Kennedy Avenue
Hi ghl and, IN 46322

219-923- 4200
SUBSI DI ARI ES

H B. Reed & Co., Inc.
Abr asi ve Type:

Brand Nane:
Pl ant Locati ons:

Abr asi ve Grades:

M neral Aggregates Co.,
Abr asive Type:

Brand Nane:
Pl ant Locati ons:

Abr asi ve G ades:

Coal Sl ag

Bl ack Beauty
Concord, NH
Gary, IN
Menphis, TN
Moundsvill e, W
Kearny, NJ
Rockdal e, TX
La Cygne, KS

1040--Utility
1240 Medi um
2040 Fi ne

3060 Extra Fi ne

| nc.
Coal Sl ag
Saf - T- Bl ast

East Tanpa, FL
Geenville, KY
Sat suma, AL

1040 Uility
1240 Medi um
2040 Fine

3060 Extra Fine
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M neral Aggregates Co.,

Abrasive Type:
Brand Nane:

Pl ant Locati ons:
Abr asi ve G ades:

cost 1  $22-31/ton
| ocation.

12. MDC Industries, |Inc.
Collins & Wllard Streets

13.

Phi | adel phia, PA 19134
215- 426- 5925
Abr asi ve Type:
Brand Name:

Pl ant Locati ons:
Abr asi ve G ades:

I nc.

Ni ckel Sl ag

G een D anond

Ri ddl e, OR

1040 Wility
1240 Medi um
2040 Fine

3060 Extra Fine

bulk F.O B. Plant depending on

Bl ended M x (50-50% of coal and
copper sl ag.

POIY-CIit

Phi | adel phia, PA
#40 Medi um

#80 Fi ne

#100 Very Fine

cost: $40/ton F. Q. B. Pl ant

St an- Bl ast  Abr asi ves Co.
P.O Box 968

3300 Ri ver Road
Harvey, LA 70059

504- 341- 0451
Abrasive Type:

Brand Nane:
Pl ant Locati ons:

Abrasive G ades:

Coal Sl ag

St an- Bl ast

Harvey, LA

San Leon, TX
Longuei |, Quebec
Canada

1040 Heavy Bl ast
1250 Medi um Bl ast
3060 Fi ne Bl ast

cost : $27-30/ton F.QO B. Harvey, LA _
$42/ton F.O.B. San Leon, TX - Medium Bl ast only.



14. Vall ey Abrasive Shot

15533 E. Arrow H ghway

| rw ndal e,

213-337-6590

CA 91706

Abr asive Type:
Brand Nane:
Pl ant

~Locati ons:
Abr asi ve G ades:

Copper Sl a

Eag)r/) Bl astg

| rw ndal e, CA

8 Easy Blast #1
30 Easy Bl ast #2
50 Easy Bl ast #50

cost :  $58/ton bulk F.QO B. Plant

15. Virginia Mterials Corporation

3306 Peterson Street
Nor f ol k, VA 23509

804- 855- 0155
Abr asi ve Type:
Brand Nane:
Pl ant Locati ons:
Abr asi ve G ades:

cost:

Coal Sl ag
Bl ack Bl ast
Nor f ol k, VA

8-40 Commerci al G ade

| nformati on not avail abl e



I NDEX OF SUPPLI ERS BY STATE

Al abama

1. Lone Star Mnerals, Inc. (Mneral Aggregates Co.
Inc.) , Satsuma

California

1. R A Barnes, Vernon _
2. Valley Abrasive Shot, Irw ndale

Fl ori da
1. E 1. DuPont de Nenours & Co., Inc., Starke
2. Lone Star Mnerals, Inc. (Mneral Aggregates Co., Inc.),
East Tanpa
| ndi ana

1. Gbbco, Inc., Lawenceburg
2. Lone Star Mnerals, Inc. (HB Reed & Co., Inc.), Gary

Kansas
1. Lone Star Mnerals, Inc. (HB Reed & Co., Inc.),
La Cygne
Kent ucky
1. Lone Star Mnerals, Inc. (Mneral Aggregates Co., Inc.),
Geenville
Loui si ana

1. Stan-Blast Abrasive Co., Harvey

M nnesot a

1. Damond Git, Inc., Melrose
2. Dhamond Git, Inc. , Wodbury

New Hanpshire
1. Lone Star Mnerals, Inc. (H B Reed & Co., Inc.),
Concord
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New Jer sey

%. Anchor Abrasives Corp.

Cat er et
Lone Star M nerals,

Inc. (HB Reed & CO, Inc.) , Kearny

North Carolina

1. International Mneral & Chem cal Corporation, Burnville
Oregon
1. LOQSIStar Mnerals, Inc. (Mneral Aggregates Co., Inc.),
Ri e

Pennsyl vani a

1. MDC Industries, Inc. , Philadelphia

Tennessee

1. Apache Abrasives, Inc., Copperhill
2. Lone Star Mnerals,

_ Inc. (HB Reed & Co., Inc.),
Menphi s

Texas
1.  Apache Abrasives, Inc., El Paso
2. Lone Star Mnerals, Inc. (H B. Reed & Co., Inc.),
Rockdal e _
3. Stan - Blast Abrasive Co., San Leon
Ut ah

1. Copper Muntain Abrasive Co., Salt Lake Gty

Virginia

1. Virginia Mterials Corporation, Norfolk
Washi ngt on

1. | ndustrial Mneral Products, Inc.,

_ Tacoma
2. Kleen Bl ast Division of Leisure Investnment Co.,

Spokane
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West Virginia
1. Lone Star Mnerals, Inc. (HB. Reed & Co., Inc.),
Moundsvil |l e
Canada
Quebec
1. Star-Blast Abrasive Co., Longueil

A-12



LOCATION OF MINERAL ABRASIVE PROCESSING

PLANTS

Anchor Abrasives Corp.
Cateret, NJ

Apache Abrasives, Inc.
El Paso, TX
Copperhill, TN

R. A. Barnes
Vernon, CA

Copper Mountain Abrasive
Company
Salt Lake City, UT

Diamond Grit, Inc.
Melrose, MN
Vicodbridge, N

E. I. DuPont de Nemours &
Company, inc.
Starke, FL

Gibkco, Inc.
Lawrenceburg, IN

. Industrial Mineral
Products, Inc.
Tacoma, WA

International Mineral &
Chemical Corporation
Burnville, NC

Kleen Blast Division of
Leisure Investment Co.
Spokane, WA

Lene Star Minerals, Inc.

A. H.B. Reed & Co., Inc.
Cencord, NJ
Gary, IN
Memphis, TN
Moundsville, WV
Kearny, MNJ
La Cygne, KS$
Reckdale, TX

-
(84
.

13.

14,

B. Mineral Aggregates Cc
Inc.
East Tampa, FL
Greenville, KY
Satsuma, AL

C. Mineral Aggregates Cc
Inc.
Riddle, OR

MDC Industries, Inc.
Philadelphia, PA

Stan-Blast Abrasive Co.
Harvey, LA
San Leon, TX
Longueil, Quekec, Canac

Valley Abrasive Shot
Irwindale, CA

Virginia Materials Corp.
Norfolk, VA



APPENDIX B

Tentative Specification;
Mineral Slag Abrasives



TENTATI VE SPECI FI CATI ON: M NERAL SLAG ABRASI VES
1. SCOPE

1.1 scope This specification covers mneral abrasives
such as coEI_S‘IQa‘g_ , copper slag, nickel slag or any slag m xtures
which are suitable for renoving rust, scale, old paint, and
marine growths from ship hulls and tanks by blast cleaning.

1.2 Cassification - This specification covers only those
abrasives commonly known as utility grades.

2. APPL| CABLE DOCUMENTS

_ 2.1 The followi ng specifications and standards, of the
issue in effect on date of invitation for bids, forma part of
this specification to the extent specified herein:

SPECI FI CATI ONS
ASTM C 702- 80
ASTM D 451-80

ASTM D 1125-82
ASTM D 1193-77

3. REQUIREMENTS

3.1 Material - The abrasive may be any material neeting the
requi rementfs of this specification. It shall be conposed of

clean sound hard particles essentially free from foreign or

del et eri ous substances such as dirt, toxic substances and organic
matter.

3.2 Material Certification - The abrasive supplier shall

certify that any product to be delivered conforns to all require-
ments stated herein.

3.3 pH- Aslurry mxture prepared in accordance with 4.4.1
shall not have a pH less than 6. 20.

3.4 Chloride Content - The chloride content of the abrasive
shal | not exceed 300 ppm when tested as specified in 4.4.2.

3.5 Electrical Resistivity - The electrical resistivity of

the abrasive shall be higher than 2,000 ohmcm when tested in
accordance with 4.4.3.

3.6 Misture Content - The noisture content will not exceed
the limts specified below when tested in accordance with 4.4. 4.

3.6.1 Delivery in Sacks - The noisture content for naterial
delivered in bags or sacks shall not exceed 0.5 percent.

B-2



3.6.2 Delivery in Bulk - Wen “dry” material is specified
t he noi sturé content shall not exceed 0.5 percent, otherw se
there is no noisture limtation. | f purchase is by weight, the
moi sture in wet material shall be determ ned and t%e ne mei?ht
of the material determ ned by correcting the gross weight for
nmoi sture content, according to the formula in|5.4. No wei ght
correction is required for “dry” naterial.

3.7 Free Flow - At |east 99% of the abrasive material shal
flow freel'y Trom the test cylinder when inverted to 75 degrees
bel ow the horizontal after having the abrasive wetted and dri ed.

The test shall be carried out in accordance with 4.4.5.

3.8 Hardness - The abrasive naterial shall have a m nimm
hardness of 6 on Moh’s scal e when tested as specified in 4.4.6.

3.9 Gain Shape - The individual abrasive grains shall be
from angul ar to rounded in shape.

_ 3.10 Specific Gavity - The specific gravity of the abra-
sive material shallT noft be |less than 2.2 when tested in accor-

dance with 4.4.7.

3.11 Sieve Analysis - The material shall conply with Table
| when tested 1 n accordance with 4.4.8.

Table | - Sieve Analysis, UWility Grade Abrasive
Standard US Sieve No. % Abrasi ve Retained, by weight
M ni mum Maxi mum
6 0
10 0 35
20 45 100
30 0 25
40 0 20
50 0 10
60 0 1
70 0 1
100 0 1
Pan 0 1

3.12 CQutting Rate - The abrasive material shall denonstrate
a cutting rate greater than 0.8 gram netal renoved per kil ogram
of abrasive when tested in accordance with 4.4.9.

3.13 Breakdown Rating - The breakdown rating of the abra-
sive material shall be greater than 0.25 when tested in
accordance with 4.4.9.

3.14 Dust Production - The weight percent dust generated
shal | not exceed 13.5% or |ocal health regulations, whichever is
| ower, when tested in accordance with 4.4.9.
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3.15 Surface Profile - The abrasive material shall produce

a surface profile (peak-to-valley) of 2-4 roils when tested in
accordance with 4.4.9

4. QUALITY ASSURANCE PROVI SI ONS

4.1 The supplier is responsible for the performance of all
certification requirements prior to product delivery. The
supplier may utilize his own facilities or any independent
Iagoratory. Records of the exam nations and tests shall be keﬁt

e

conplete " and available to the purchaser as specified int
contract or order.

4.2 Sanmpling for Quality Assurance Tests

4.2.1 Filled Sacks - Wien the abrasive material is de-
livered in filTed sacks, not less than two nor nore than five
sacks shall be chosen at random for testing. Each sack shall be
t horoughly m xed and then a conposite sanple shall _be formed. by
t horoughl'y mi xi ng one quarter from each sack. The resulting
sanple is to be reduced following ASTM C702-80 Method B into a
single sanple of approximately 50 |bs. This sanple shall be
placed in a clean, ry, airtight nmetal container which shall be
tightly sealed and properly narked.

4.2.2 Bul k Shipnents - |f possible, sanmples shall be
obtai ned while the abrasive material is being unloaded. The
sanpl er should realize that particle size segregation may. occur.
Sanples shall be taken at three or nore locations during the
unl oadi ng of each vehicle and shall be taken fromthe entire
cross section of nmaterial flow  Sanples from a |oaded Vehicle
such as a gondol a-type railroad car shall be taken from approxi -
mately three trenches dug across the car at points which appear
to be representative of the material. The bottomof the trench
should be at |east one foot wde at the bottom and should be
level. Equal portions shall be taken at approxinately 9 equally
spaced points along the bottom of the trench by pushing the
sﬁovel downward into the material. Two of the points shall be
directly against the sides of the car. Sanpling tubes capable of
w thdrawi ng vertical sanples fromtop to bottom of product may
al so be used. A sufficient nunber of insertions shall be nade to
provide the requisite sanple. Sanpl es from stockpiles shall be
taken at or near the top, at or near the base and at an interne-
diate point. A board shoved into the pile just above the point
of sanpling will aid in preventing further segregation during
sanpl i ng. The total weight of the sanples taken shall not be
| ess than 200 Ibs. This sanmple is to be reduced follow ng ASTM
Cr702-80 Method B into a single sanple of apgroxinateLy 50 | bs.
This sample shall be placed in a clean, dry, airtight netal

contai ner which shall be tightly sealed and properly marked.

4.3 Certification Requirements - The sanples selected in

accordance wth{ 4.2 |shall be subjected to the tests specified in
4.4.|11f the sanple fails one or nore of these tests as judged by
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the requirenents stated in sections 3.1 through 3.15, the entire
| ot shall be rejected. Rejected |ots may be resubmtted for
acceptance tests provided the contractor has renoved or reworked
all nonconformng nmaterial.

4.4 Test Procedures

_ 4.4.1 H Test - A 100 gramrepresentative abrasive sanple
is to be crushed using a nortar and pestle. Apgroxi mately 50
%rarrs of the crushed sanple is to be added to 200 nl of " Ast™
1193-77, Type |lIl1 Reagent Water. The pH of this slurry is then
det er m ned througih the use of an electronic pH neter with an
accuracy of *0.01 pH unit or better. The pH neter shoul d be

calibrated with NBS traceable pH buffers which enconpass the pH
of the slurry.

4.4.2 Chloride Content - The test for chloride content
shall be as follows:

4.4.2.1 Reagents

_ 4.4.2.1.1 Standard Silver Nitrate Solution - The standard
silver nitrate solution shalT Dbe 0.0100 nolar.

4.4,2.1.2 Pot assi um Chromate |Indicator Solution - The
standard potassium chronmate 1 ndicator solution shall be nmade by
di ssolving 20 granms of analytical quality potassium chromate in
one liter of distilled water.

4.4.2.1.3 Phenol phthalein Indicator - D ssolve 5 grans of
phenol phthalein in 1 liter of a 50 percent solution of ethyl
al cohol in distilled water.

4.4.2.1.4 Sulfuric Acid - To 975 m of distilled water
slowy add, while stirring, 15 ml of concentrated sulfuric acid.

4.4.2.1.5 Sodi um Hydroxide - Dissolve 20.0 grans of sodium
hydroxide in 500 ml of distilTed water and dilute to 1 liter.

4.4.2.2 Procedure

4.4.2.2.1 A 100 gramrepresentative abrasive sanple is to
be crushed using a nortar and pestle. Exactly 50.0 grams of the
crushed sanple is to be added to exactly 250.0 m of ASTM
Dl 193-77 Type |11 Reagent Water. Heat the resulting slurry to
50"c and hold approximately at this tenperature for ten m nutes.
If a large tenperature excursion occurs causing the solution to
boil, the test procedure should be restarted. At the end of the
10 mnute period allow the solution to cool and then pour the
solution into 50 m centrifuge tubes and centrifuge until clear.
Centrifuge at |least 100 ml of solution. Pipet 25.0 nml of clear
sanple into a 125 m Erlennmeyer flask. Place a magnetic stirring
rod in the beaker and place on a stirrer at |ow speed. Add four
drops of phenol phthalein indicator to the sanple. |f the solu-



tion is already alkaline (i.e. the solution is pink) neutralize
the solution to the acid side of the indicator by dropw se
addition of the sulfuric acid. |If the solution is already on the
acidic side of the indicator, add dropw se, sodium hydroxide
solution until the pink color appears and then just elimnate the
pink color with the sulfuric acid solution. ~Add 2 m of the
potassi um chromate indicator which will turn the solution yellow
Titrate the solution with the silver nitrate standard from a
Class A 10 ml burette until the solution just turns apricot. If
the solution turns brick red the end point has_been exceeded, and
the titration should be perforned again. Record the burette
reading to the nearest 0.01 m. Three separate titrations shoul d
be conpleted, and the average of the three runs should be used
for the chloride content determnation. |If any of the three
recorded volunes of titrant varies by nore than 0.05 from the
others, the entire procedure should be repeated.

4.4.2.2.2 Blank - Run a blank determnation using 25.0 m
of the distilled water used to make the slurry.

4.4.2.2.3 Cal cul ati ons

Chloride content, ppm = (A-B)x(71)
A = average ml of three silver nitrate titrations
B=m of silver nitrate used in blank titrations

4.4.3 Electrical Resistivity

4.4.3.1 Method - The electrical resistivity shall be de-
ternmined in accordance wth ASTM D1125-82 Method B for sol utions
having conductivities greater than 10 pmhos/cm (resistivities
| ess than 100 Kohmcn. The test shall be carried out with a
di p-type cell neeting the requirenents of ASTM D1125- 82. The
procedure for making the test solution is described bel ow.

4.4.3.2 Test Solution - R nse all apparatus to be used with
ASTM D1193-77, Type 11l water until the rinse water has a resis-
tance of 1 Megohmcm or higher. Measure equal volumes of abra-
sive and of Type IIl water and mix together. Stir this slurry
for five m nutes. Centrifuge the solution in order to renove
suspended abrasi ve. Into a 250 m graduated cylinder, pour
enough clear solution to reach the 200 m mark. This cylinder
will hold the solution for testing under the procedures of ASTM
D1125-82 Method B.

4.4.4 Moisture Content - Approximately 200 granms (gm of
the sanple shall be weighed to the nearest 0.1 gmin a tared
wei ghing dish and dried at 105 to |1 C°C for 3 hours or nore until
successi ve weighings after additional |-hour heating periods show
a wei ght change of not nore than 0.1 percent. The percentage of
noi sture shall be calcul ated as fol | ows:
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Percent moisture = Oiginal weight - final weight X 100
Original weight of sanple

4.4.5 Free Flow - A representative sanple of the materia
shall be placed in a suitable bronze cylinder having an inside
diameter of 1.25 inches and a |length of 6 inches. (ne end of the
cylinder shall be capped and the other shall be closed wth a cap

havi ng hol es made with a nunber 40 drill (approx.). The abrasive
material shall be placed in this cylinder wwth the solid cap at
the bottom and the cylinder shall be filled with water. After

standing 1 hour, the cap with the holes shall be placed on the
cylinder, which shall then be inverted. The solid cap shall be
renmoved, and the water allowed to drain through the hoPes of the
bottom cap. The cylinder shall then be placed in an oven at 115
to 120°C until all the water is evaporated. The cylinder shall
then be renoved from the oven, cooled in air, and inclined to an
angl e of 75 degrees bel ow horizontal so that the abrasive can
flow freely by ?ravity. Any solidification of the abrasive in
the cylinder wll be cause for rejection of the sanple.

4.4.6 Hardness - Hardness shall be determ ned as foll ows:

Exam ne the abrasive material under a | ow power mcroscope (10X),
and if grains of different color or character are present, select
a few grains of each. Pl ace in succession, the grains thus
differentiated between two glass microscope slides. Wi | e
applying pressure, slowy nove one slide over the other with a
reci procating notion for 10 seconds. Exam ne the gl ass surface
and, if scratched, the material shall be considered as having a
m ni mum hardness of 6 on Mh's scale. If any grains that fail to
scratch glass are present in any appreciable quantity, the lot is
subject to rejection.

_ 4.4.7 Specific gravity - Specific gravjty shal | be deter-
mned as foll'ows: A 300 gram sanple of material previously dried
is placed in a 500 m graduated cylinder previously filled with
250 m of distilled water. The reading of the graduated cylin-
der, mnus 250, wll give the volune of the granules. The
specific gravity is conputed as foll ows:

Wi ght of sanple (grans)

Specific gravity = ygrer Tevel after addition of sanple-250(n)

4.4.8 Sieve Analysis - The representative 50 | b abrasive
sanple is to be split into four sanples in accordance with ASTM
C702-80 Method B. Three of these four sanples are to be further
reduced to 200-250 gram sanples in accordance with ASTM C702- 80
Met hod A Each of these sanples is to be sieved in accordance
with ASTM D451-80. The selected sieve screens shall be Nos. 10
20, 30, 40, 50, 60, 70, 100 and a catch pan. Record the percent
abrasive retained on each screen and in the pan. | f the percent
abrasive retained on any one sieve screen for a particular
200- 250 gram sanple varies by nore than 5% from anot her sanpl e,
conbine all four large samples and begin again. Record the
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percent retained on each screen for the average of the three
sanpl es.

4.4.9 Bl asting Tests for Cutting Rate, Breakdown Rating,
Dust Production, and Surface ProfilTe

4.4.9.1 Test Requirenents - Al testing shall be done usin
a test chamber simlar to that shown in Figure B-1. A source o
clean, dry, oil-free air should provide 90 psig at a 1/4” nozzle.
The pressure at the nozzle should be neasured with a hypodermc
needl e gauge. The nozzle tip shall be 7 1/4” fromthe steel test
late. The steel test plate shall be 3 x 5 X 1/4" (SAE 1018,
ot rolled) and mounted at a 90° angle to the blast nozzle.

4.4.9.2 Test Procedure - Load the abrasive feed pot wth
approxi mately 3000 granms of abrasive. Start the conpressor and
regul ate the pressure until 90 psig is obtained at the nozzle.
Open the abrasive feed valve until the abrasive flow is just
vi sible. Re- check the nozzle pressure. If it is still at 90
psig, shut off the air upstreamof the air regulating valve.
I nsert and secure the nozzle into the nozzle nount. I nsert a
practice plate in the plate holder. Wile view ng from above,
open the air valve and check that abrasive inpingenent occurs at
the center of the plate. Reposition the nozzle if necessary.
Wien the nozzle is aliﬂned properly, shut off the air flow.  Open
the test chanber and thoroughly rid the chanber of all dust.

| nset a preweighed (to the nearest 0.1 gran) test plate into
t he speci men hol der. Preweigh the filter bag and the abrasive
catch bucket to the nearest 0.1 gram Fill the abrasive feed pot
with approximtely 3,000 grams of sample. Turn on the air flow
and blast the plate until at |east 1,000 grans of abrasive have
been consuned. When the blasting is conplete, renove and wei gh
the filter bag. Record this val ue. Open the chanber top to
brush the dust fromthe baffles and walls into the abrasive catch
bucket . Renove the bucket and weigh it. Record this val ue.

Record the post-blast weight of the test plate.

4.4.9.3 Post-Blast Data Reducti on

4.4.9.3.1 Cutting Rate - The cutting rate is defined as the

grans of netal lost fromthe test plate per Kkilogram of spent
abrasive. It is conputed as foll ows:

e = pl ate weight |oss (gns) , 1000
- spent abrasive (gms)

cutting rat
wher e,

| ate weight |oss, gnms = re-blast plate weight) -
P J J &%ost-blastpplate me?gh?)

spent abrasive, gnms = (post-blast weight of filter bag +
abrasi ve catch bucket me|ght£ -
(pre-blast weight of filter bag +
abrasi ve catch bucket weight)

B-8
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FIGURE B-1. Abrasive Blasting Test Chamber



4.4.9.3.2 Breakdown Rating - The s ent abrasive in the
catch bucket shalT be split into a 200-2 ﬂran1representat|ve

| e in accordance with ASTM C702-80 Met hod A The sanpl e
sha | then be sieved in accordance with ASTM D451- 80. As in
4.6.8 the pans shall be Nos. 10, 20, 30, 40, 50, 60, 70, 100 and
a catch pan. Record the percent abrasive retained on each
screen. Only one sanple shall he sieved after testing. The
breakdown rating shall be calculated as illustrated in the
exanpl e bel ow. (It is necessary to use the pre-blast sieve
analysis perforned in 4.6.8)

Exanpl e
Pre-Bl ast Sieve Post - Bl ast Si eve
Aver age Anal ysi s Anal ysi s

Si eve No. peni ng % Fact or % Fact or

10 0. 08583 15. 37 1.3192
20 0. 05610 60. 52 3. 3952 21.79 1.2224
30 0. 02854 14. 29 0. 4078 17.51 0. 4997
40 0. 02018 5.54 0.1118 16. 46 0.3322
50 0. 01427 1.81 0. 0258 15. 16 0.2163
60 0. 01083 0.11 0. 0012 5.80 0. 0628
70 0. 00909 0. 45 0. 0041 5.33 0. 0484
100 0. 00713 0.11 0. 0008 6.90 0. 0492
Pan 0. 00295 0.23 0. 0007 11. 61 0. 0342
Sum =5. 2666 sum = 2.4653

wher e,

% = Weight percent abrasive retained on each screen
Factor = % x Average opening

(Si eve Opening + Previous Size Openinq)

Aver age openi ng* = 7 X 25, 4

(in inches)

thus ,

Breakdown Rati ng 2.4653/5.2666 = 0.47

* As exanpl es,

For No. 10 = (hb 10 + No. 8)/2 = (2.00 mm+ 2.36 mm)/2x25.4
= 0.08583
For No. 20 = (No. 10 + No. 20)/2 = (2.00 mm + 0.850
mm / 2x25. 4

= 0. 05610
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. 4.4.9.3.3 Dust Production - The percent dust production is
defined by the folTowng 1ornmula:

% Dust Production = (post-blast wt. of filter bag - pre-blast wt.)

spent abrasive

where, spent abrasive is as defined in 4.6.9.3. 1.

4.4.9.3.4 Surface Profile - The surface profile shall be
nmeasured at the center of the test plate using Press-OFilnr. The
coarse grade shall be used for profiles of O2 roils and the
x-coarse grade for profiles of 1.5-4.0 roils. The manufacturer’s
directions shall be followed in using the film

5. NOTES

_ 5.1 Intended Use - The abrasives covered by this specifica-

tion are intended primarily for use in the blast cleaning of the
underwat er surfaces of ship hulls and of tank surfaces prior to
pai nting.

5.2 Odering Data - Procurenent docunents should specify
the follow ng:

b) Wether for sack or bulk shipnent.

c) Total size of shipnent.

(d) If shipment is in bulk, whether “dry” material is
requi red; whether the unit of nmeasure is net weight or
vol ume; whether delivery is to be by rail or truck, and
if by rail the type of car to be used.

gai Title, nunber, and date of specification.

5.3 Tests Prior to Anard of Contract - The award of a
contract shall be made only on abrasives which have been cer-
tified to have passed all of the tests of this specification.

5.4 Correction of G oss Wight of Bulk Shipnments for
Mi sture Content - WWhen other than “dry” abrasives are procured
b¥ net werght 1n bulk, it is necessary that the noisture content
of the material be accurately determ ned at the time of weighing
and the net weight calculated by subtracting the anount of
noi sture present from the gross weight as indicated in the
foll ow ng fornul a:

Net weight = Gross weight - G oss wei ght xlO(I)Dercent noi st ure

Avail able from Testex Inc., P.O Box 867, Newark Del aware,
19711
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APPENDIX C

Test Date on
Natural Stauralite Abrasive



TABLE C-I - Summary of Chemical and Physical Test Results

On Natural Stauralite Abrasive

Moisture Content
%

Chloride Content Solution Resistivity
pH ppm Ohm-cm
9.04 42.5 41000
38000
Hardness
Free Flow Mho's Grain Shape
No visible 26 Angular to
Rounded

clumping

0.0

Specific Gravity

3.6



#10

Si eve

#20
Si eve

TABLES C- Il - Summary of Sieve Analysis On
Natural Stauralite Abrasive

% Ret ai ned

#30 #40 #50 #60 #70
Si eve Si eve Si eve Si eve Si eve
1 6 26 16 19

#100
Si eve Pan
26 6



TABLE c-111 -Summary of Blasting Test Results
On Natural Stauralite Abrasive

Total Spent Total Dust _ Pl ate Wi ght Cutting Rate
Abr asi ve CGenerated  Wight Percent of Loss g of netal removed  Breakdown
(gns ) ( gns ) Dust Cenerat ed ( qms ) kg of abrasive Rat i ng
677.0 46.0 6.8 1.2 1.8 0.84
1644.0 83.0 5.1 2.5 1.5 0.81



TABLE C-1v - Summary of Resulting Surface Profile On Steel Test Plates
(90° Angle of Blast) - Natural Stauralite Abrasive

Surface Profile (mls)

El conet er Press-O-Film Sur fanal yzer

1.4 1.5 1.8
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